7-Azabicyclo[2.2.1]heptane (7-azanorbornane) is a bridged heterocyclic nucleus found in epibatidine, the alkaloid isolated from the skin of the tropical poison frog Epipedobates tricolor. Since epibatidine is known as one of the most potent acetylcholine nicotinic receptor agonists, a plethora of literature has been devoted to this alkaloid. However, there are no structural data on the unsubstituted 7-azanorbornane, the parent bicyclic ring of epibatidine and its derivatives. We herein present the structural characterization of the 7-azabicyclo[2.2.1]heptane parent ring as its hydrochloride salt, namely 7-azabicyclo[2.2.1]heptan-7-ium chloride, C 6 H 12 N + ÁCl À . The compete cation is generated by a crystallographic mirror plane with the N atom lying on the mirror, as does the chloride anion. In the crystal, the cations are linked to the anions by N-HÁ Á ÁCl hydrogen bonds, which generate [001] chains.
Chemical context
Since the discovery of the quinuclidine and tropane nuclei (Hamama et al., 2006; Pollini et al., 2006) , elegant frameworks of bridged aza-heterocycles have been the focus of chemists exploring biologically active substances. One famous example in this series is epibatidine, (À)-2-(6-chloropyridin-3-yl)-7-azabicyclo[2.2.1]heptane, an active component of the skin poison extracted from the small tropical frog Epipedobates tricolor (Spande et al., 1992; Gerzanich et al., 1995; Sullivan & Bannon, 1996; Dukat & Glennon, 2003) . Epibatidine comprises the first natural example of a compound incorporating an 7-azabicyclo[2.2.1]heptane (7-azanorbornane) ring system (Fletcher et al., 1994) . Due to the extreme binding affinity of the exo isomer of epibatidine towards nicotinic acetylcholine receptors, thousands of articles have been devoted to different aspects of its chemistry and biochemistry (see Carroll, 2004; Daly et al., 2005; Yogeeswari et al., 2006; Garraffo et al., 2009 ). We are not aware, however, that an X-ray structure determination of the alkaloid itself has ever been reported, in spite of numerous publications related to its synthesis. Moreover, the molecular structure of 7-azanorbornane, the functional core of epibatidine, has also not been explored, in spite of the fact that 7-azanorbornane has been known since 1930 (Braun & Schwarz, 1930; Fraser & Swingle, 1970) . In continuation of our studies related to bridged aza-heterocyclic systems (Britvin et al., 2015 , ISSN 2056 2017), we herein report on the structure of the unsubstituted 7-azabicyclo[2.2.1]heptane parent ring as its hydrochloride salt, namely 7-azabicyclo[2.2.1]heptan-7-ium chloride, 1.
Structural commentary
The parent ring of 7-azabicyclo[2.2.1]heptane in 1 adopts a boat conformation (Fig. 1) resembling the molecular geometry of its nearest carbocyclic counterpart, bicyclo[2.2.1]heptane (norbornane), 2 (Fitch & Jobic, 1993) . In order to achieve consistency of atomic labelling between the bicyclic cages of 1 and 2, we herein apply the numbering scheme according to IUPAC nomenclature ( Fig. 1) (Doms et al., 1985) . There are three unique C atoms (C1, C2 and C6) in the cation of 1, with their clones C1 i [= C4 by IUPAC; symmetry code: (i) 1 À x, y, z], C2 i (= C3 by IUPAC) and C6 i (= C5 by IUPAC) generated by the mirror at x = 1 2 . Interatomic distances between the respective framework sites of 1 are shorter compared with the corresponding values of 2. The distances (Å ) in 1 and 2 are: C1-C2 = 1.528 (2) and 1.551 (3), C1-C6 = 1.523 (3) and 1.578 (1), and C1-N7(C7) = 1.508 (2) and 1.551 (3). The C2 i -C2-C1-C6 torsion angle determining the boat-like conformation is 109.4 (1) in 1 and 108.7 (2) in 2. The s.u. values for 2 were generated using PLATON (Spek, 2009) . Further details of the interatomic distances and angles of 1 can be found in the supporting information.
Supramolecular features
The structural integrity of 1 is maintained via intermolecular hydrogen bonding between the protonated secondary site N7 and the chloride counter-ion Cl1 (Table 1) . Each chloride ion is linked to the two adjacent amine centres via N-HÁ Á ÁCl hydrogen bonds so that the 7-azanorbornane cages are arranged into zigzag chains flattened on (010) and propagating along the c-axis direction (Fig. 2) . That type of interleaved zigzag packing is known among chloride salts of secondary amines, both for alkyl-and arylamines (Adams et al., 1997; Nancy et al., 2003; Muller et al., 2007) and heterocyclic systems (Gribkov et al., 2006; Wang et al., 2011; Fun et al., 2011) .
Database survey
Of more than 120 structures containing the 7-azanorbornane ring system in the Cambridge Structural Database (CSD, Version 5.38, latest update May 2017; Groom et al., 2016) , 17 entries represent the 7-azabicyclo[2.2.1]heptane parent ring unsubstituted at the carbon sites. All these compounds belong to N-substituted derivatives of 7-azanorbornane (Ohwada et al. 1998; Cheng et al. 2002; Otani et al. 2003; Hori et al. 2008; Longobardi et al. 2015) . Table 1 Hydrogen-bond geometry (Å , ). Computer programs: APEX2 (Bruker, 2015) , SAINT (Bruker, 2015) , SHELXT (Sheldrick, 2015a), OLEX2 (Dolomanov et al., 2009) , SHELXL2014 (Sheldrick, 2015b) , Mercury (Macrae et al., 2008) and publCIF (Westrip, 2010) .
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Figure 1
The molecular structure and systematic atomic numbering scheme of the 7-azabicyclo[2.2.1]heptane (7-azanorbornane) parent ring in 1. Displacement ellipsoids are drawn at the 50% probability level. H atoms on C atoms in view (a) and the chloride counter-ion have been omitted for clarity. The labelling in the Figures corresponds to IUPAC notation (see text). Atoms C4, C3 and C5 are generated from C1, C2 and C6, respectively, by the symmetry operation (1 À x, y, z). 
Refinement
H atoms at the protonated N7 atom were refined freely, whereas H atoms on C atoms were refined based on a riding model. Crystal data, data collection and structure refinement details are summarized in Table 2 . 
Computing details
Data collection: APEX2 (Bruker, 2015 ); cell refinement: SAINT (Bruker, 2015) ; program(s) used to solve structure:
SHELXT (Sheldrick, 2015a) and OLEX2 (Dolomanov et al., 2009 ); program(s) used to refine structure: SHELXL2014 (Sheldrick, 2015b) and OLEX2 (Dolomanov et al., 2009 ); molecular graphics: Mercury (Macrae et al., 2008) ; software used to prepare material for publication: publCIF (Westrip, 2010) .
7-Azabicyclo[2.2.1]heptan-7-ium chloride
Crystal data 
Special details
Geometry. All esds (except the esd in the dihedral angle between two l.s. planes) are estimated using the full covariance matrix. The cell esds are taken into account individually in the estimation of esds in distances, angles and torsion angles; correlations between esds in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of cell esds is used for estimating esds involving l.s. planes. Refinement. Single-crystal data collection was performed using a Bruker Kappa APEX II DUO diffractometer equipped with microfocus optics. Refinement of lattice parameters and subsequent data reduction was carried out with the Bruker SAINT software. The crystal structure of 1 was solved and refined using SHELXT and SHELXL-2014 (Sheldrick, 2015) via the OLEX2 v.1.2 graphical user interface (Dolomanov et al., 2009 
